The proposed work is about the effectiveness of latent heat dispersion on energy storage using Phase Change Materials with modified thermal stratifiers on charging inlet of the tank. A novel flow-governing nozzle with swirl flow injection is designed and fabricated to enhance the steady state of heat flow inside the TES (Thermal Energy Storage) system. Spherical PCM capsules with added MWCNT (multi wall carbon nanotubes) particles were used as an energy storage material inside the TES Tank. Trials were conducted for the variable process parameters with flow rate and injection pressure to differentiate the initial stratification of the thermocline system. Results obtained from the analysis clarifies that, with the increase in swirl number through injection pressure, temperature and flow rate increases the steady state stratification behavior inside the TES tank. It is clear that the efficient charging rate of 35 mins could be observed from PCM capsules with the increase in injection pressure and flow rate of 4 bar & 3 l/min .It has been also noted that the swirl effect increases the heat dissipation on the PCM capsules by maintaining a concentric heat transfer with radial flow over the layers of the PCM capsules.
Introduction
With the rapid increase in energy demands due to the arbitrary changes of climatic conditions, there is a need for adopting advanced technologies towards energy storage systems on renewable sources. Deployment of storage technologies will make country's energy grid robust in empowering the effective utilization of existing energy sources [1] . Renewable energy sources (solar and wind) seem to be the right solution to meet energy demands and to reduce the uses of non-renewable energy resources. Comparing to other energy sources, solar energy have significant over the system because of improper thermal stratification of fluid flow inside the tank. The major issue in transient condition is the inadequate flow of heat transfer varies from centre to the surface temperature of each elementary volume. This creates high thermal stratification inside the TES system [13] . The Concentric Dispersion Model defines the flow of convective heat transfer between the fluid and the particle's surface through radial conduction on the phase layer [14] .
Although, with the advantages of spherical PCM capsules over latent phase energy storage system.
It takes a long time of achieving the steady state from transient thermal distribution to maintain the thermal equilibrium. This is affected by the flow dynamics of charging process. With the consideration of stratifiers which could resolve the undesirable mixing of flow temperature inside the TES system [15] . Stratification behavior is improved by various modifications of stratifiers at the charging inlet of the TES tank. The various inlet specifications at the inlet with the lockable openings induce a free convection through all the circular openings. The use of parallel heat exchanger pipes in mantle tanks for hot water draws off from the top of the tank. This also finds the improvement of the charging efficiency of the system [16] . The modification at the inlet injection of the heat transfer fluid is further improved through a wedged pipe inlet, which reduces the thermocline region to stabilize the uniformity of heat flow inside the storage tank [17] . Other methods includes the design of efficient stratifiers by the modification of side-inlet geometries, through wedged, perforated, and slotted-pipe stratifiers to promote the achievement of fully mixed system in a shorter period of time [18] .
From the above studies, it is understood that the presence of inlet stratifiers could enhance the charging efficiency in latent heat energy storage systems but it creates a major problem in flow dynamics of hear transfer fluid (HTF) over the PCM capsules. This detoriates the TES system in achieving the steady state condition. The above issue demands a need to develop modified stratifiers with effective flow dynamic patterns of heat transfer fluid injection. The present work delivers a novel concept with swirl flow injection by enhancing the steady state thermal flow over the PCM material. This increases the charging efficiency of the TES system. The main objective of the proposed work is to investigate the thermal stratification behavior of the charging process under latent heat flow condition over the PCM material with the variable mass flow rates, temperature and injection pressure under swirl flow condition. It is clear that from this study, the flow dynamics will be under steady state thermal equilibrium throughout the process.
Materials and Methods
Thermal Energy storage system Figure 1 shows the photographic view of the experimental setup, which consists of an insulated cylindrical storage tank which has a capacity of 160 litres with a diameter of 0.46 m and a height of 1 m. A swirl flow governor nozzle which is used as an inlet stratifiers for charging the TES tank. The injection pressure of the HTF is adjusted using pressure relief valve and pressure transducer. In assumption of solar collector, which is too costlier to be installed for research purposes we carried out the experiments with electric heater controlled through PID controller (4 kW), centrifugal pumps (2 no.s), and rotameter. The technical specifications of the TES system are shown in Table 1 Nano additives of MWCNT particles (1 wt. %) is encapsulated with molten paraffin inside the PCM capsules with added of for energy storage purposes [19] and the shell is made of high density polyethylene (HDPE). The thermo-physical properties of PCMs is shown in Table 2 . RTD thermocouples are attached in the layer as shown in Figure 2 . The latent heat dissipation of OM 65 and OM 48 PCM capsules were recorded through Differential Scanning Calorimetric (DSC)
analysis for a heat flow of 1 °/ min and 2°/ min as shown in Table 3 . The design parameters and the photographic view of the Swirl governor flow nozzle is shown in Figure 3 . This was designed according to the spray cone angle in covering the peripheral ends of the TES tank. It was operated by a 3 -phase AC motor connected to a variable frequency drive to automate the swirl effect of the heat transfer fluid. 
Mechanism of swirl flow injection
The mechanism of swirl injection on uniformity of phase flow is shown in Figure 4 . The charging inlet flow conditions should be effectively manipulated to clarify the flow dynamics of the swirl spray effect. Table 4 shows the variation in flow film thickness and injection pressure of the heat transfer fluid. The enhanced swirling motion and water pressure will increase flow angle at the nozzle exit [20] . The swirl effect could be examined through swirl number. 
= − − − (1)
Where P is the injection pressure; W, is the tangential velocity; q, is the density of heat transfer fluid and r is the swirl radius which can be measured through hypotheses of the swirl angle. Swirl number could be related as a function of axial velocity and tangential velocity as given in equation
Liquid film thickness is measured using USB microscope with 800 x zoom in capacity placed opposite to the nozzle tip using image processing software. Figure 4 shows the calculated water flow through swirl spray nozzle in x-y and y-z planes. As a result of the water rotation at the centerline of the TES tank with low pressure induced at this region causing a radial flow distributed in a swirl pattern on the x-y plane. 
Results and discussion

Temperature contours of PCM and HTF
The results observed from the Figure 5 clears that with the increase of pressure and flow rate maintains the thermal stability by reducing the stratification inside the TES tank. It is found to be that PCM capsules could attain a uniformity in thermal gradient with the temperature of 80-85 ºC for OM 65 and 50-55 ºC for OM 48 this is due to the effect of concentric dispersion of latent heat flow over the PCM capsule which plays a major role in stratification behavior [21] . As the injection pressure decreases the flow of heat transfer in achieving the efficient charging time increases the reason behind this is the pattern of swirl flow at the charging inlet couldn't cover a largest spray cone angle in transferring the heat transfer fluid over the PCM capsules. Another reason for the ineffective heat transfer could be observed for an injection pressure of 2 bar and flow rate of 1l/min, which has a lesser spray cone angle of 21.8 0 [22] . From Figure 6 it is observed on increasing the flow rate, the HTF temperature significantly reduces to 70 ºC at 2 bar, 61 ºC at 3bar and 58 ºC at 4bar at a maximum flow rate of 3 l/min. The reduction in charging time with increase in injection pressure and flow rate is due to the attainment of fully mixed state of PCM capsules increasing the thermocline region at a shorter period of time [23] . 
Effect of charging rate on swirl flows
In consideration with the swirl number which defines the flow dynamics of heat transfer from HTF over the PCM capsule could be correlated through axial and radial velocity at the nozzle exit. As the flow rate increases, the axial velocity of HTF increases and when the injection pressure increases the radial velocity of HTF increases. From Figure7 it is noted that increase in swirl number (Sn=2) and flow rate of 2 l/ min, the charging time is found to be reduced upto 26mins.
The reason for reduction in charging time is with increase in swirl number could maintain the efficient heat transfer over the PCM capsules by creating an effective flow dynamics of the HTF [24] . The liquid film thickness also describes the effective flow of heat transfer over the PCM capsule the value of liquid film thickness for the injection pressure is found to be 194 µm with the spray angle of 51.3 0 as shown in Table 4 . This is because of the swirl motion contribution for the initial flow dynamic pattern over the first layer of the PCM capsule in maintaining the remaining axial flow to be a streamline. This improves the steady state nature of the TES tank. Figure 8 illustrates the variation in charging time of latent heat TES system with respect to injection pressure of HTF (2, 3 and 4 bar) at a given flow rate of 1, 2 and 3 l/min respectively. For the maximum flow rate of 3 l/min, the total charging time of latent TES system with respect to injection pressure of4 bar was found to be 35 mins. In general, in a sensible heat TES system, the storage capacity increases with increase in HTF inlet temperature, the total charging time will remain the same for a given flow rate, in the case of an adiabatic TES system [25] . However, in the present case, the increase in charging time with reduction in HTF flow rate in the latent heat TES system is attributed to increased losses due to mixing and improper insulation of the storage tank. Also, in the latent heat TES system, it is seen that the overall charging time decreased with increase in HTF flow rate. This is due to the higher conductive resistance associated with the PCM at lower HTF flow rate that significantly reduced the rate of phase change (melting) which in turn increased the overall charging time. However, with increase in HTF flow rate, the temperature driving potential between the HTF and PCM overcomes the conductive resistance, resulting in a faster rate of melting and hence a reduced overall charging time. 
Instantaneous and cumuative heat stored
The instantaneous heat transfer (Qinst) is estimated using the equation (3) given below:
where Tf,in and Tf,out are HTF inlet and outlet temperatures at any instant during the charging process. The cumulative heat stored is estimated using the equation (4) 
Conclusion
The flow rate and injection pressure inside the TES tank with swirl spray for latent heat dispersion were investigated experimentally, and its performance on charging time, instantaneous and cumulative heat stored were considered. It is concluded that the efficient charging time, maximum instantaneous and cumulative heat storage was found to be 35 mins, 2124 kW and 6385 kJ at 3 l/min flow rate and 4 bar pressure. The increase in swirl number (Sn=2) and flow rate of 2 l/ min, concludes the charging time to be reduced upto 26mins This improves the attainment of steady state effect from transient condition in a shorter period inside the TES system. Further works could be carried out on the modification of inlet stratifiers for latent heat TES to flow over the layers of the PCM capsules at uniform pressure and temperature distribution of the heat transfer fluid.
